INTRODUCTION
============

The anterior communicating artery (AcomA) is one of the most common sites affected by intracranial aneurysms. AcomA aneurysms are diagnosed in 15% to 30% of patients with a ruptured or unruptured aneurysm[@B11][@B13][@B16][@B23]. In the past, AcomA aneurysms were treated by clipping due to their complex vascularity, but recent improvements in endovascular techniques and instruments have increased the scope of the endovascular approach to aneurismal treatment. However, popularization of the endovascular approach has been accompanied by increases in complications, recurrences, and the retreatment of coiled aneurysms. Compared to surgical clipping, recurrence of embolized aneurysms is still a concern due to their delayed rebleeding.

The aim of present study was to report the long-term outcomes of AcomA aneurysms treatment endovascularly and to document the incidences of complications, recurrences, and retreatment.

MATERIALS AND METHODS
=====================

Patient population
------------------

The medical records of patients treated by coil embolization for an intracranial saccular aneurysm between January 2003 and December 2013 were retrospectively reviewed. 878 saccular aneurysm cases were treated by endovascular coiling during the study period, and 266 of the 878 patients harbored 266 AcomA aneurysms (30.3%). Only patients with data available for at least 6 months and that underwent digital subtraction angiography (DSA) during follow-up results were included. Two neurovascular surgeons and two neurointerventionists carefully reviewed these angiographs to reduce inter-observer variability. As a result, 132 patients were excluded due to the use of a different follow-up image modality, a non-saccular aneurismal character, or other medical adverse events, such as, vasospasm, lung or cardiac problems. Accordingly, 134 patients (134 AcomA aneurysms) constituted the study cohort.

Patient demographics, aneurysm characteristics, treatment techniques, and angiographic and clinical outcomes were reviewed with a focus on angiographic results, recurrence rate, and retreatment.

Endovascular technique
----------------------

Two vascular neurosurgeons and two interventional neuroradiologists evaluated all 134 patients for endovascular treatment. Informed consent for all procedures was obtained from patients or next of kin. The majority of the aneurysms (97%) were coiled under local anesthesia with light sedation. The right femoral artery was accessed using a 6-Fr 80 cm long Shuttle sheath (Cook, Bloomington, IN, USA). A 6-Fr guiding catheter (Envoy; Cordis, Miami Lakes, FL, USA) was then placed in the distal internal carotid artery (ICA) as far as possible. For AcomA aneurysms, proximal back support is immensely important because of their distal location, and thus, a coaxial guiding technique was used in all cases. The ICA ipsilateral to dominant A1 (precommunicating segment of anterior cerebral artery) was catheterized. In cases where A1s were codominant, the A1 with the straightest course to the aneurysm was chosen. After attaining access to the femoral artery, a bolus of 3000 IU heparin was administered intravenously at the beginning of the procedure in cases of non-hemorrhage. However, in cases of aneurysm rupture, heparin was administered after microcatheter selection of an aneurismal sac. Regardless of rupture, an additional 1000 IU bolus of heparin was administered hourly to maintain an activated clotting time (ACT) of ≥250 seconds. All sheaths, guide catheters, and microcatheters were continually flushed with heparinized saline (at a concentration of 1000 IU of heparin per 1000 mL of saline). In non-hemorrhagic cases, dual antiplatelet premedication, consisting of 75 mg clopidogrel and 100 mg aspirin, was administered for 5 days. Postoperatively, dual antiplatelet therapy of clopidogrel and aspirin was maintained for at least 3 months in all cases.

Endovascular treatment consisted of simple coiling (SC), the two catheter technique (TC), balloon-assisted coiling (BAC), or stent-assisted coiling (SAC). Simple coiling, using a single microcatheter, was chosen during the early period, and tailored microcatheter steam shaping was necessary in most cases. However, due to the complex vascularity of the AcomA, the two catheter technique has been adopted in the majority of recent cases. When the two catheter technique could not be applied or failed, adjunctive techniques (balloon-assisted or stent-assisted coiling) were used to achieve satisfactory results. Theoretically, the two catheter technique improves packing density and ensures the coil mass does not protrude into the parent artery. Coils were inserted within aneurysms as densely as possible, or until another coil could not be inserted, without compromising the parent artery. Neck remodeling instruments, such as a balloon or stent, were used when the two catheter technique failed, meaning coil protrusion with flow compromise or unstable shape of coils.

After each procedure, multiple angiographic projections were obtained to assess results, and if there were no complications on final angiography performed 30 minutes after coiling, we completed the whole procedure. Non-enhanced brain computed tomography (CT) was performed immediately after procedures to check for possible complications.

Clinical and angiographic follow-up assessments
-----------------------------------------------

All patients with a subarachnoid hemorrhage (SAH) were initially evaluated according to the Hunt-Hess classification. Grades 0-3 were considered to indicate a good clinical preoperative status and grades 4 and 5 to indicate a poor status. Patients without a history of SAH were considered to have a grade 0 status. Aneurysms were categorized as small (\<10 mm) or large (10-24 mm) based on aneurysm maximum length as determined by angiographic analysis. A wide neck was defined as one with a diameter ≥4 mm. Dome to neck ratio was categorized into unfavorable (≤1.5) or favorable (\>1.5). Aneurysms with a dome to neck ratio of ≤1.5 or a neck width of ≥4 mm were defined as \'unfavorable neck\'. Postoperative and follow-up clinical outcomes were assessed using a modified Rankin Scale (mRS) at discharge and during follow-up. Procedural related permanent morbidity was defined as a change in the mRS associated with intervention. Initial angiographic results were classified using the Raymond classification as complete occlusion, residual neck, or residual aneurysm[@B22]. Recurrence of coiled aneurysms was classified as; stable occlusion (SO, defined as no interval change or further obliteration versus the initial post embolization angiogram), major recanalization (MAR, defined as a recanalized volume of ≥20% of the initial aneurismal volume), minor recanalization (MIR, defined as a recanalized volume of \<20%), regrowth (RG, defined as the new appearance of aneurismal dilatation or a daughter sac). Using an individual approach, MAR or RG cases were considered candidates for retreatment.

Statistical analysis
--------------------

Data were analyzed using the Statistical Package for the Social Sciences (SPSS version 19.0, SPSS Inc., Chicago, IL, USA). Ordinal logistic regression models and simple logistic regression models were used to calculate odds ratios (ORs), corresponding 95% confidence intervals (CIs), and *p*-values. Statistical significance was accepted for *p* values of \<0.05.

RESULTS
=======

Baseline patient and aneurysm characteristics and treatment modalities
----------------------------------------------------------------------

The records of 134 patients (134 AcomA aneurysms) with more than 6 months of angiographic (DSA) and clinical follow-up were analyzed. There were 65 females and 69 males (51.5%) ranging in age from 23 to 80 years (mean 57.4 years). 101 cases (75.4%) presented with SAH and 33 cases (24.6%) were unruptured. 129 aneurysms (96.3%) were small (\<10 mm) and 5 were large (10-24 mm). Based on subtypes defined by the angiographic dominance of A1, there were 45 patients (33.6%) with contralateral A1 hypoplasia and 34 patients (25.4%) with contralateral A1 agenesis ([Fig. 1](#F1){ref-type="fig"}). Aneurysms had a wide neck (≥4 mm) in 33 patients (24.6%) and an unfavorable neck in 85 patients (63.4%). Patient demographics are presented in [Table 1](#T1){ref-type="table"}.

119 patients (88.8%) had a relative good pre-procedural condition (Hunt-Hess grade 0-3). Hunt-Hess grades in ruptured cases were; grade 1 in 8 patients (6.0%), grade 2 in 57 patients (42.5%), and grade 3 in 21 patients (15.7%). 15 patients (11.2%) had a poor pre-procedural condition (Hunt-Hess grades 4-5). Preprocedural clinical statuses are summarized in [Table 2](#T2){ref-type="table"}.

The coiling techniques and respective patient numbers were as follows : SC in 47 patients (35.1%), TC in 42 patients (31.3%), BAC in 26 patients (19.4%), and SAC in 19 patients (14.2%).

Immediate angiographic outcomes and procedural complications
------------------------------------------------------------

After initial endovascular treatment, complete occlusion was observed in 101 cases (75.4%), a remnant neck in 20 (14.9%), and a remnant aneurysm in 13 (9.7%).

Procedure-related complications, such as, aneurysm rupture or flow compromise (acute thromboembolism, coil migration, or protrusion) were encountered in 25 (18.6%) patients. Aneurismal rupture during treatment occurred for three ruptured aneurysms (2.2%), although these resulted in worsening of patients\' initial clinical conditions, they did not appear to have any deleterious effect at discharge. Flow compromise of the distal anterior cerebral artery (ACA) occurred in 22 (16.4%) patients (coil protrusion in 10 and acute thromboembolism in 12). Most cases of coil protrusion with distal flow compromise were successfully managed by stent deployment or balloon angioplasty. Only two cases needed additional thrombolytic agent (abciximab). There were 12 (8.9%) acute thromboembolic episodes. Eight resolved completely on chemical thrombolysis using abciximab, and the other four achieved near complete successful angiographic outcomes \[a thrombolysis in cerebral infarction (TICI) score of IIb[@B10]\]. The majority of events were asymptomatic, but permanent neurologic deficits due to distal ACA territory infarction (mild lower motor weakness) were noted in two ruptured aneurysm cases (mRS 1). No permanent neurologic deficit was noted among unruptured complicated cases, and no rebleeding episode occurred during clinical follow-up in all patients.

Follow-up angiographic and clinical results
-------------------------------------------

Follow-up conventional angiography at \>6 months post-procedurally was performed in all 134 patients. The mean time to follow-up DSA was 16.3 months (range 6 to 73 months). The mean clinical follow-up duration was 49.7 months (range 6 to 139 months). Follow-up DSA revealed stable occlusion (SC) in 114 cases (85.1%) and recurrence in 20 cases (14.9%). There were 10 (7.5%) minor recanalizations (MIR), 9 (6.7%) major recanalizations (MAR), and 1 (0.7%) case of regrowth (RG) ([Table 3](#T3){ref-type="table"}).

At the time of discharge after initial treatment, 71 (53.0%) patients were of mRS 0, 39 (29.1%) were of mRS 1, 13 (9.7%) were of mRS 2, 5 (3.7%) were of mRS 3, 4 (3.0%) were of mRS 4, and 2 (1.5%) were of mRS 5. At the time of last clinical follow-up, 123 (91.8%) patients were of mRS 0, 3 (2.2%) were of mRS 1, 2 (1.5%) were of mRS 2, 3 (2.2%) were of mRS 3, 1 (0.7%) were of mRS 4, and 2 (1.5%) were of mRS 5. No procedure-related morbidity or mortality occurred among the 33 unruptured cases. An overall improvement in mRS was observed during the clinical follow-up period; changes in mRS scores are summarized in [Table 4](#T4){ref-type="table"}.

The subgroup analysis of recurred AcomA aneurysms (20 cases) showed a mean age of 54.9 years (range 23-69), 10 (50.0%) female patients, and 18 (90.0%) ruptured aneurysms. 17 (85.0%) patients had an aneurysm size of \<10 mm, and 3 (15.0%) patients had an aneurysm size of 10-24 mm. Thirteen (65.0%) cases had an unfavorable aneurysm neck. Seven (35%) cases had contra-lateral A1 hypoplasia and eight (40.0%) contra-lateral A1 agenesis. Simple logistic regression analysis showed that aneurysm size and initial treatment results were significant associated with aneurysm recurrence ([Table 5](#T5){ref-type="table"}).

Retreatment
-----------

Nine (9/134, 6.7%) recurred AcomA aneurysms cases were retreated. Eight involved major recanalization and one regrowth. All (9/9, 100%) cases were ruptured aneurysms. Seven (77.8%) had an aneurysm size of \<10 mm and 2 (22.2%) had an aneurysm size of 10-24 mm. Five (5/9, 55.6%) cases had an unfavorable neck. Successful retreatment was achieved in 6 cases (6/9, 66.7%). Three cases failed due to acute angulation of the parent artery or coil migration and are currently awaiting another DSA follow-up. The techniques used were SC in 1 case, TC in 3 cases, BAC in 4, and SAC in 1 case. Mean time from initial treatment to retreatment was 24.2 months (range 8-46 months). There was no procedure-related complication. [Fig. 2](#F2){ref-type="fig"} shows retreatment of a regrowthed coiled aneurysm.

DISCUSSION
==========

The anterior communicating artery (AcomA) is frequent site for intracranial aneurysms and accounts for 15% to 30% of ruptured or unruptured aneurysms[@B6][@B9][@B11][@B16][@B23]. Because of the sophisticated vascularity, numerous nearby basal perforators, and anatomical variations of the AcomA, most neurosurgeons have used to prefer clipping AcomA aneurysms. However, depending on direction of the aneurysm sac, the course of the ipsilateral A1, and variations of the A1 artery, surgical clipping can be difficult or complicated in some restricted cases, such as, when the aneurysm has an interhemispheric fissure location. To achieve complete clipping of AcomA aneurysms, while preserving basal perforators, the AcomA and pericallosal arteries could be problematic. On the other hand, endovascular treatment has some advantages in such situations. Advances in endovascular techniques and devices have resulted in the rapid evolution of the endovascular treatment of intracranial aneurysms and it has now become an efficient treatment modality comparable to surgical clipping[@B7][@B11][@B12][@B13][@B14][@B18]. Li et al. reported in a meta-analysis that coiling yields better outcomes than surgical clipping, though the benefit is greater in those with a good preoperative grade[@B12].

However, endovascular treatment of AcomA aneurysms also has some disadvantages as compared with the endovascular treatment of aneurysms in other locations. AcomA aneurysms are difficult to treat when their size is too small, complex aneurysm with incorporation of adjacent arteries, or tortuous parent vascular angulation[@B6]. A small number of studies have been conducted on outcomes and complications for the endovascular treatment of AcomA aneurysms. The most recent meta-analysis (14 studies, consisting of 1552 cases) on AcomA coiling was conducted by Fang et al.[@B5]. In this study, it was demonstrated that endovascular therapy for AcomA aneurysms is associated with a high rate of complete angiographic occlusion (88%) but not negligible procedure-related morbidity (6%) and mortality (3%). Complete occlusion is a necessary goal of endovascular treatment, and in the present study, complete occlusion percentage achieved after initial treatment was 75.4%, which is in close agreement with several reports that quoted rates of complete occlusion from 35.9% to 88% for AcomA aneurysms[@B5][@B6][@B7][@B14][@B19]. Our procedure related complication rate was 16.4%, which is also similar to previous studies, but no rebleeding was encountered during follow-up period, the morbidity rate was 1.5%, and procedure related mortality rate was 0%. Accordingly, our procedural complication rates appear to be better than those reported in other studies[@B5][@B6][@B8][@B14]. In our opinion, satisfactory occlusion effectively protected against the risk of rebleeding, and thus, we emphasize the importance of achieving complete occlusion at initial treatment. Fortunately, no rebleeding episode occurred during clinical follow-up period considering the lower initial complete occlusion rate (75.4%), although this relatively lower rate may have been due to strict and multiple cross checking of post-procedural angiographies.

Currently the imaging modalities used for follow-up after initial treatment to determine recurrence of coiled aneurysms and find *de novo* aneurysms are magnetic resonance angiography (MRA), computed tomography angiography (CTA), and DSA. Given advancements in MRA resolution and image technique, it appears to be a promising technique for reliably imaging coiled aneurysm recurrence. However, DSA remains the most accurate tool for evaluating recurrence, because it could compare angioarchitectures of the aneurysm through best exactly the same projection. Thus, the use of DSA as a follow-up image modality could provide a means to reduce interpretative errors regarding recurrence. Therefore, DSA is considered mandatory when considering retreatment. In the present study, we analyzed the data of patients that underwent DSA at \>6 months post-procedurally, and the recurrence rate in this population was 14.9%. Two neurointerventionists and two neurosurgeons cross-checked DSA follow-up results regarding recurrence and decisions to retreat, and our recurrence rate result is similar to those of several studies on the recurrence rate of various aneurysms (range 6.1-33.6%)[@B2][@B9][@B18][@B21]. However, we believe our recurrence rate (14.9%) was somewhat overestimated in comparison because follow-up was conducted by DSA. The majority of recurrences occurred during the first year, but some occurred at up to 5 years post-treatment. Therefore, long-term follow-up is mandatory, especially in ruptured cases.

Several factors that influence aneurysm recurrence have been identified, such as, initial angiographic result, packing density ratio, aneurysm anatomy, and aneurysmal nature and size[@B2][@B4][@B9][@B11][@B18][@B20][@B21]. In the present study, the significant risk factors of recurrence identified were a large aneurysm (*p*=0.016) and an initial incomplete treatment result (*p*=0), which are generally recognized as predictors of recurrences for all aneurysm locations. Furthermore, an initially ruptured aneurysm (OR=3.36) and contralateral A1 variation such as hypoplasia or ageneis (OR=2.33), tended to be associated with recurrence. In the present study, the overall retreatment rate was 6.7% (9/134) at a mean 24.2 months after initial treatment, which agrees with literature values of 4.7-20.8%[@B1][@B2][@B3][@B4][@B7][@B8][@B9][@B19][@B20][@B21]. The majority of retreatments were performed within 2 years after initial treatment, although three retreatment cases failed due to acute angulation of the parent artery or coil migration, most patients were retreated successfully without complication.

In general, the diameters of both A1 segments are similar, however, some have reports about high proportion of AcomA variation[@B15][@B17][@B24][@B25]. A true hypoplastic A1 or A1 segment measuring \<1.5 mm in diameter is only present in 10% of cases[@B15]. The larger the degree of asymmetry between A1 segments, the greater the hemodynamic stress loaded on the dominant A1 artery to compensate distal ACA flow. Theoretically, this asymmetry could facilitate *de novo* aneurysm formation. High prevalences of A1 hypoplasia among AcomA aneurysms patients have been reported (up to \~80%)[@B24][@B25], and our study supports these findings (59%).

The limitations of this study include a retrospective design, patient-selection bias, a limited number of cases in one institution, and the relatively short angiographic follow-up period. Nevertheless, our findings suggest endovascular treatment for AcomA aneurysms is feasible, safe, and effective. Compensatory endovascular and microsurgical team approaches are needed to optimally treat AcomA aneurysms.

CONCLUSION
==========

This study confirms that endovascular treatment is an effective treatment modality for AcomA aneurysms. The hemody-namics and anatomic features of the AcomA should be considered before selecting endovascular treatment. After initial treatment, patients should comply with long-term clinical and angiographic follow-up for the assessment of recurrence and consideration of possible retreatment, especially when aneurysms are ruptured, large, or initially incomplete occluded.

![Images of anterior communicating artery aneurysms with contralateral A1 hypoplasia (A-D) and agenesis (E-H). A and B : Right and left internal carotid artery angiographies demonstrate left anterior communicating artery aneurysm with right A1 hypoplasia (black arrow). C : Final image after coiling shows complete occlusion of the aneurysm. D : The 6 months follow-up angiogram confirms stable occlusion of the coiled aneurysm. E and F : Both internal carotid arteries digital subtraction angiographies shows left anterior communicating artery aneurysm with contralateral A1 agenesis. G and H : Angiography immediately after coiling and 2 years follow-up image confirms complete and stable occlusion of the aneurysm sac.](jkns-58-184-g001){#F1}

![Retreatment of a 51-years-old female patient with recurred aneurysm. A : Initial unsubtracted image of conventional angiography shows complete occlusion of an aneurysm sac. B : Unsubtracted image of 1 year follow-up demonstrates enlarged and loosened coil mass. C : Subtracted image of previously coiled aneurysm reveals contrast filling of the aneurysm sac (black arrow, regrowth). D : Retreatment of recurred aneurysm using simple coiling technique. E : X-ray image of retreated coil mass. F : Final angiography after retreatment demonstrates complete occlusion of the recurred aneurysm.](jkns-58-184-g002){#F2}

###### Characteristics of patients
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###### Pre-procedural clinical conditions
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###### Angiographic follow-up results
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###### Changes of clinical results (mRS)
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mRS : modified Rankin Scale, DSA : digital subtraction angiography

###### Statistical analysis between recurrence and related factors
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SC : simple coiling, TC : two catheter technique, BAC : balloon assisted coiling, SAC : stent assisted coiling, CO : complete occlusion, RN : remnant neck, RA : remnant aneurysm
